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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHENICAL NOTE NO. 538

A GENERAL TANK TEST OF N.A.C.A. MODEL 1l~-C
FLYING-BOAT HULL, INCLUDING THE EFFECT OF
CHANGING THE PLAN FORM OF THE STEP

By John R, Dawson
SUMMARY

The results of a general tank test of W.A.C.A. model
11-0, a conventional pointed afterbody -type of flying-boat
hull, are given in tables and curves. These results are
compared with the resultg of tests on model 1l~A, fronm
which model 11~0 was derived, ar® it is found that the re-
slgstance of model 11l=C is somewhat greater,

The effect of changing the plan form of the step on
model 1l=~C is shown from the.results of tests made with
three swallow=iail and three pointed steps formed by al=-
terlng the original step of the model. These results show
only minor differences from the results obtained with the
orlginal model,

INTRODUCTION

Although model 1l-A (reference 1) showed very good
resistance characteristics, it was belisved that the shape
of the bow could be improved to give better seaworthiness
without greatly increasing the reslstance, Accordingly, a
new get of lines was laid out incorporating this change
and the model made from them was designated model 11-C,.

This model, which is failrly representative of the
type most common in American flying-boat practice, was
usged to determine the effect of changing the depth of step
(reference 2) and the effect of changing the angle of af-
terbody keel {referencs 3).

Although a number of flying boats have incorporated
main steps that do not have the conventional straight linse
plan form, there is a scarcity of data on the effect of
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thess changes on the water performance of the hulls, Re~
sults of tank tests on three pointed-step hulls developed
at the N.A.C.A, tank have been pudblished (references 4 and
B) but these hulls have forms that differ radically from
the forms of conventional hulls now in use. In order to
provide data concerning the effect of changing the plan
form of the step on a conventional flying-boat hull 1t was
decided to maks tests of model 11~C with geveral gliera-
tiong in the plan form of the step. B

THE MODEL

The principal lines of model 11=-C are shown in figurse
1 and the offsets are given in tadle I. A direct comparie-
son between the forebodies of model 11-0 and modesl 1l1l-4
can be made with the aid of figure 2. In this figure the
base line of model 1l-A 1s lowered to make the chineg of
the two models coincide at the steps, It is socen that afti
of station 7 the only difference in the bottoms of the two
forebodies ig at the keel, where tho sections of_ll~A are
brought to a point and those of 11l~-C are not. The flat
keel formed on model 1i~C more nearly conforms to exist~
ing structural practice than does the sharp keel of model
11-A, Torward of gtation 7 the kesl and buttocks of model
11»C rise more rapidly than do those of model 1ll~A; fur-
thermore, the water lines of model 11l~C are finer and the
gsectiong have considerably more curvature. The afterbod-
les of models 11=0 and 1l=A differ only at the keel where
model 1l-C has a small transverse flat and the sections
of model 1lle~A are drought to a point.

Model 11=0 was altered by changing the plan form of
the step as shown in figures 3 and 4. Tests were made
with six varlationg designated by the acute angle betweon
the lines forming the swallow tall or point and the llne
of the original step (i.e., 15° gwallow-tall step, 15°
pointed step, etc.). The depth of step for the swallow~
tall and pointed steps is not uniform but the mean depth
of step in all cases is the same as for model 1l1~C,

Following N.A.C.As tank practice the model wes made
of laminated wood sanded, painted, and rudbed to give a
smooth surface. The different steps were formed by in=-
sorting blocks into a removable portion of the model,




YeA.C.A., Technical Note No. 538 - 3
APPARATUS AND PROCEDURE

The N.A.C.A., tank, its towing carriage, dynamomster,
and other equipment are described in reference 6. With
the exception of the moment-measuring apparatus the pres=-
ent towing gear is similar to the ons described in refer-
ence 7, In the present gear the trimming moments are
measured by a very stiff spring whose deflectlons are ine
dicated by a dial gage.

A1l the models were tested by the Ygeneral' test
method described in refsrence 8. This method consists of
towing the model at several £ixed trim angles with a num~
ber of constant loads over a wide range of speeds. Tests
are made at a sufficient number of trim angles to deter-
nine the trim angle that gives minimum resistance for ev-
ery load and speed in the range tested.

The swallow=%tail and pointed-step varlations were
tested over a considerably smaller range of speeds and
loads than model 11=0, becaunse the tests on the former
were intended only to show the effects of the changes madej
the effects outside the range tested may be inferred from
the trend of the curves.

RESULTS

Tagt Dats

Gurves of water resistance (lncludes air drag of mod-
el) and trimming moment plotted against speed for each of
the trim angles used are given in figures 5 to 10 for mod=-
8l 11=¢ and in figures 11 to 22 for the z0° swallow=tail
end 45° pointed-stop variations. Trimming moments which
tend to raise the bow are considered positlive to conform
wlth the usual aerodynanmic convention,

Curveg of test data for the 15° swallow-tail and the
15% and 30° pointed steps are mot included because it is
believed that the curves of resistance coefficient at best
trim angle are sufficient to show the small effects of
these variations of the step.

No data for the 45° swallow-tall step are given as it
soon proved to be impracticable because of tho extremely
shallow depth of the step at the keel. The effect was the
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game as that encountered in tesis of a model having a conw
ventlonal type of step with too little depth (reference 2).

Curves of trimming moment against trim angle with
load as parameter, and draft against load with trim angle
as parameter for the model at rest are given in figure 23
for model 11~0, These curves, plotted from tank data,
permit the determination of the water line at rest for a
wide range of loads and centor-of-gravity positione withe
out the laborious calculations necessary to determine ihe
water line from the lines of the hull,

Nondimensional Data

The trim-angle varlable is eliminated as in reference
8 by determining the trim angle which gives minimum re~
gistance, The minimum reslstance, speed, load, and trim-
ning moment reguired to obtain the trim angle for minimum
resistance, are converted to the following nondimensional
coefficientg. '

Speed coefficient, Cy = A7§§
.. A
Load coefficient, cA = ;gg
Resigstance coefficient, GR = ;%?
Trimming-moment coefficlent, Oy = ;%r

where V  is speed, fi./sec.
g€, acceleration of gravity, ft./sec.?
by, maximam beam of hull, ft.'
Ay load on water, 1.
W, specific weilght of water, lb./cu.ft.
(W = 6345 1be/cu.ft. for the water in the
N.A,C,A, tank during these tests)

R, resistance, 1lb.

iy trimning moment, lbe=ft.
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Any other consistent set of units may, of course, be used.

; At tho lowest spoeds this mothod was not applicable
to model 11~C for the curves of resistance against trim
angle did not consistently show a minimum resistance. In
this region, however, the resistance does not vary great-
1y with trim angle., Therefore, up to Oy = 146, the
free=to=trim (zero trimming moment) resis ance and trim
anglc woere used for model 11-C.

;ne nondlmen51ona1 data for model 11 C arse plotte&
.in figures 24 to 27. Values of O are plotted against
Cy with CA as parameter in figure 24 and against OCpA
with Cy as parameter in figure 25. Figure 24 is more
6asily interpreted but figure 25 is more readily used in

tale~off calculations (reference 8). Values of T, (best

trim angle) and 1Ty {(%rim angle for zero moment) are
plotted against Oy with CpA as parameter in figure 26,
Trimming-monent coefficient Oy is plotted against Oy
with OCp as parameter in figure 27,

In figures 28 to B2 Op at best trim angle is plot-
ted against Oy with Op as parameter for the swallow-
tail and pointed-step variatlons. No other nondimensional

data are given for these changes as the effect of the vari-~

ations on the other nondinensional coefficients is prac—
tically negligidle,

DISCUSSION OF RESULTS

It was thought that the differences in form between
nodel 11~C and 1l~4 would not seriously affect the resisi~
ance, but the results of these tests indicate that model
11-C has somewhat greater resistance than model 1ll-A at
the hump, although only smell differences were obtained at
high speeds. In figure 33 values of the load/resistance
ratio (A/R) for bes:t trim angle are plotted against OA
for several valuss of Cy for both model 1l=A and model
11-C. It seems best to make comparisons betwoeen tests
made on the same type of towing gear so %that A/R values
for model 1l-~A are taken from recent tests made with the
present type of towing gear and diffe r somewhst from the
results of the original test of this model given in refadr-
ence 1,

£y
-
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From figure 33 it 1s seon that model li~A has consgid-~"
erably better A/R values at the hump than has model 11=(C,
Thie difference decreaseg with increasing speed and de-
creasing load until at Oy = 6.0 +the differences in the

values of A/R for the two models are negligible, It
thus appears that the penaliy pald for changing the bow 1is
an increase in hump registance,

In figure 34(a) the maximum positive trimming-moment
coefficients of models 1ll~A and 11-C are compared. The
centers of moments uged in the tests of these models were
different but Oy values for model 1l-4i have been converte
ed to the same center of moments used in the tests of mod~
el 11l«C. Although the maximum positive Cy is conslsfontly
greater for model 1ll~A& than for model 11-0 the difference
ig primarily due to the difference in best trim angles obe
tained for the two models as illustrated in figure 24(b).
As the difference in the best trim angle of the two modols
is within the accuracy to which thisg variable may be deter-
mined, the difference between the maximum positive moments
of the two modols is negligible, The moments at high
speeds for the two models are not compared here because
they are not very large and, with the increased aerodynan-~
ic moments available at high speeds, they become relative-
1y unimportant,

A comparison of the best angle A/R values of model
11-C, the 45° pointed-step model, and the 30° swallow—tail
stop model is shown in figure 35., The differences shown
at the hunmp and at Cy = 6,0 are of the order of the accu-
racy of the tests. ‘At Cy = 4.5 +the differences are very
gmall at the light loads but become quite appreclable at
the heavier loads where both the 45° pointed step and the
30° swallow~tail step show considerably lower values of
A/R  then does model 11=C, Thig region is of only minor
importance in take~off problems as it lies between the
hump and the highwspeed critical region. The other step
variations produced similar effects .

A comparison of the curves of test data shows that
the maximum positive trimming moments were not greatly
changed by the changes in the plan form of the step. Dif-
ferences in these maximum values arce sttributed to the
rather wide spacing of test points in the swallow-tail and
pointed-step soeries,

Botween 10 and 13 feet per second with 100~ and 120~
pound loads, model 1l-~C was directionally unstable and
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none of the swallow—tail or pointed steps corrected this
condition. It is, however,; doubtful whether this tralt
would prove very detrimental in an actual flying boat as
the reglon would be guickly passed through during take-off,

Representative spray pictures of models 11-0 and li-A
are shown in figure 36 for the 1l00~-pound load. Model 11=~C
appears to have slightly better spray Qharacteristing

CONCLUDING REMARXS

The water registance of model 11-C is greater than
that of 1l-A for all loads at the hump but there is little
difference in the high~speed resistance of the two models.

The spray characteristics of model 11~0 are somewhat
better than those of 1ll=A and, on the whole, they are gulte
satigsfactory. :

With the exception of the 45° gwallow~tall step, which
is impracticabdle because of the small depth of step at the
keel, the swallow-tall and pointed steps do not greatly
affect those water characteristics measured in the tank
tests« It should be noted, however, that these pointed
steps aroe merely alteratlions of a conventional step and
the results should not prejudice conclusions rogarding the
effectivensss of other types of polnted steps.

Langley Yemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fileld, Va., June 27, 1935.
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Offpete for ¥.A.C.A, Model No, 11-C Flying-Boat Eull (Inohes)

Digtance from base line Half breadths
Diag-
tance| Keel B2 | B3| B4 | BS WLl | WL2 |WL3 |WL&
§rgﬁ 3.00| 4.50] 8.00| 7.50 213.50111.00(9,50{6.00;6.50
r.P. | 0.0 4,00 4,00 0.15 P.P.
1/3 | 2.4 | 9.17| 6.90 5.39 3.07 0.53 1/3
1 4.8 | 10.85| B.30] 8.84 8.34 3.53 0.73/1.84 1
1-1/3l 7.2 | 11.87| 9.73| 8.13] 7.24 7.18 4.87 0.84|1.67]3.16 1-1/
2 2.6 | 12.52 9.37] 8.37 7.87 5.59 0.18| 1.30|23.74|65.13 2
3 |14.4 | 13.31 10.83| 9.83| 9.13 8.89 8,90 .93| 3.76]5.10 3
4 |19.3 | 13.47/12.83|11.72)10,91(10.18] 9.83] 9.56 7.7 4
B [{24.0 | 13.668]12.94(13.23(11.5%(10.86(10.238| 9.97 8.17 5
Elemonts of stationa
8 28.8 | 13.68 Straight lines from here aft 10.19 8.40 8
™ T DO FY G T | 1 1A % n AN "
T Q9.0 AQ. U I I W OV .30 [
8 38.4 | 13.83 . 10,38 8.50 3 B8
9 (43,3 | 13.93| lpDistance from center 10,47 8.50 Digtence from bege 9
10,r./48.0 | 14.00 1line (plane of aym=- 8.60 1ine to water line 10,F
10,4./48.0 | 13.44 metry) to buttoock 9, 8.50 {seotion of muil 10,4
11 |53.8 | 12.97 {section of ull 8.50 purface made by a 11
i3 57.6 Bl surfece made by a 8.10 8.40 horizontal plane 13
13  (85.4 | 12.04 vertical plane par- 6.97 8.11 parallel to bege 13
14 |67.2 | 11.58 allel to plane of B.07 7.68|  line) 14
a5 (73,0 | 11.11 gymmetry) 3.59 6.77 15
10.
. 6.0 | Yooy .30 B8.P.
7.8 | 7.04 5.78 18
81.8 B.91 4,61 17
88.4 | 4.77 3,5 18
91.3 | 3.84 1.80 19
86.0 | 3.50 .40 |20
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Figure 1.-Lines of H.A.C.A. model 11-C,
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